Abstract-Mobile-devices are able to support a wide range of outdoor assessment activities. While there is a significant amount of research that investigates the acceptance of computer-based assessment from one side and the acceptance of mobile learning from the other, relatively few studies focus explicitly on the factors that influence the acceptance of Mobile-based Assessment. The current study implements a mobile-based outdoor educational activity in the city's Botanic Gardens during an environmental education project. 50 secondary school students participated in a mobileassisted assessment procedure using Quick Response ( 
INTRODUCTION
Mobile devices are becoming increasingly popular in education. They offer the potential to transform traditional educational practices by making learning more interactive, engaging and independent from timing and location constraints, maximizing the benefits for students, teachers and administrators [1] .
Mobile devices have also the ability to support different assessment strategies, i.e. formative or summative assessments, self-or peer-assessment, adaptive, contextaware, game-based assessment. Mobile-based assessment can either be part of a pure mobile-learning curriculum or part of a blended educational approach complementing other traditional or web-based educational practices. Mobile devices can be used for assessment purposes inside the classroom boundaries, e.g. polling devices [2] or beyond, in context-aware ubiquitous learning activities [3] . They have been already used in a wide variety of educational settings, e.g. language teaching and learning [4] , learning in museums [5] , remote and virtual labs [6] and environmental education [7, 8, 9] .
In order for a mobile-based assessment strategy to be implemented successfully, it is necessary to investigate the factors that influence its adoption from the learning community. The current study fills a gap in the literature about student's acceptance of mobile-based assessment. It addresses also the positive impact that this kind of outdoor learning and assessment activity has on students' motivation.
The study is organized as follows. In the next section, we briefly introduce the issue of technology adoption from the perspective of Technology Acceptance Model and make a quick reference to Self Determination Theory of Motivation. Then, the proposed research model with our hypotheses is presented. Methodology section follows with participants, description of the conducted experiment and the instruments used. Data analysis comes afterwards. Thereafter, results are discussed as well as conclusions are presented.
II. BACKGROUND
Technology Acceptance Model (TAM) is one valid and well-established information systems theory that models how users accept and use technology [10] . TAM successfully explains and predicts the adoption of different educational technologies. Many studies use TAM as a framework to explain and predict student's acceptance of mobile learning [11, 12] . Also there is a considerable amount of research about computer-based assessment adoption [13, 14, 15] . However, there is a gap in the literature about the adoption of Mobile-based Assessment. The current study is focusing on mobile-based assessment acceptance using a motivational perspective as well.
In TAM, behavioral intention to use is influenced by attitudes toward use, as well as the direct and indirect effects of perceived usefulness and perceived ease of use. Since its first introduction, TAM has been modified and extended to include additional variables in order to improve its predictive power. Researchers argue that mlearning users may have different roles (technology users, consumer and learners) [16] . Therefore different factors driving mobile learning adoption should be incorporated in an extended TAM model.
Mobility is perceived to be the most significant feature of mobile devices [17] . Our model introduces perceived mobility, as an external TAM variable, from the point of view of technology user.
Furthermore, the mobility feature of these devices enables "anywhere and anytime" learning in authentic contexts. The current study, implemented as an outdoor educational activity, introduces the role of authentic context in the adoption of a mobile-based assessment activity performed in the field, beyond the classroom boundaries.
Many researchers [18, 19] claim that, since TAM is primarily concerned with extrinsic motivations (conceptualized as perceived usefulness), its predictive power is PAPER AN OUTDOOR MOBILE-BASED ASSESSMENT ACTIVITY: MEASURING STUDENTS' MOTIVATION AND ACCEPTANCE limited to utilitarian systems (which are mainly productivity oriented). The same researchers argue that the role of intrinsic motivations is usually underestimated. According to Self-Determination Theory (SDT) by Ryan and Deci [20] , intrinsic motivation (in contrast to extrinsic motivation) is the type of motivation that leads to a behavior that is inherently interesting and pleasant and it is this type of motivation that yields more positive outcomes. Students learn better when they are intrinsically motivated. Intrinsic motivation can be conceptualized as perceived interest and enjoyment. Previous research [21, 22] introduced intrinsic motivational factors into the mobile-based assessment adoption research. The current study examines the effect of interest/enjoyment (as a form of intrinsic motivation) on the students' intention to use mobile-based assessment in an outdoor assessment activity.
SDT proposes that the satisfaction of three basic psychological needs for autonomy, competence and relatedness, leads to internalization of extrinsic motivation and to intrinsic motivation [20] . In the footsteps of SDT, the current study investigates the issue of satisfaction of the three basic psychological needs (autonomy, competence and relatedness) during an outdoor mobile-based assessment activity.
III. RESEARCH MODEL AND HYPOTHESES
The current study uses the Technology Acceptance Model (TAM) [10] as a theoretical framework to investigate driving factors that influence mobile-based assessment acceptance. TAM is based on the constructs of Perceived Usefulness (PU) and Perceived Ease of Use (PEOU) and explains and predicts Behavioral Intention to Use (BIU) information systems. Perceived Usefulness (PU) is defined as "the degree to which a person believes that using a particular system will enhance his/her job performance" [10] . Perceived Ease of Use (PEOU) is defined as "the degree to which a person believes that using the system would be free of effort" [10] .
Our model, spinning-off the basic TAM structure [10] , proposes the following hypotheses about mobile-based assessment adoption:
H1a: Perceived Ease of Use (PEOU) has a positive effect on Perceived Usefulness (PU).
H1b: Perceived Ease of Use (PEOU) has a positive effect on Behavioral Intention to Use (BIU).
H2: Perceived Usefulness (PU) has a positive effect on Behavioral Intention to Use (BIU).
A considerable number of external variables have been added so far to the basic TAM model, in order to improve its predictive power. Mobile -based assessment acceptance has been studied from the perspective of SelfDetermination theory of Motivation [21, 22] . Also, [23] examined the role of Personal Innovativeness and Previous Experience in the acceptance of mobile-based assessment. The current study, based on [24] introduces the constructs of Perceived Mobility (PM), Authentic Context (AC) and Interest/Enjoyment (IE) in an outdoor learning and assessment activity in the city's botanic garden. This study investigates how these factors contribute to the user's perception of how easy mobile-based assessment is, how useful it is and the degree of the students' intention to use the system. Perceived mobility (portability) is defined as ''the extent of user awareness of the mobility value of mobile services and systems'' [25] . Users, who perceive the value of mobility, appreciate the ubiquity of mobile learning and have a strong perception of its usefulness. Previous research shows that perceived mobility significantly impacts perceived usability and perspectives of users toward mobile services [25, 26] . Also, the mobility value compensates the technical limitations of mobile devices (e.g. screen size, low battery life) by enabling users to access information anytime and anywhere and enhancing this way users' acceptance of mobile services during mobilebased learning and assessment.
Therefore, we hypothesize that: H3a: Perceived Mobility (PM) has a positive effect on Perceived Usefulness (PU).
H3b: Perceived Mobility (PM) has a positive effect on Perceived Ease of Use (PEOU).
We argue that perceived enjoyment will be a key factor of the students' learning experience and it will positively influence their interest in the activity. According to the Self Determination Theory of Motivation, Interest and Enjoyment is one dimension of intrinsic motivation. Previous studies have shown that perceived enjoyment with a particular service positively affects the intention of users to use the service on an ongoing basis [27] . Also, new technologies that are considered enjoyable and interesting are less likely to be difficult to use and satisfaction seems to correlates with the users' positive attitudes. Thus we hypothesize:
H4a: Interest/Enjoyment (IE) has a positive effect on Perceived Ease of Use (PEOU).
H4b: Interest/Enjoyment (IE) has a positive effect on Behavioral Intention to Use (BIU).
In [28] , context is defined to consist of the Learner state, the Educational Activity state, the Infrastructure state and the Environment state. The current study considers only the environmental state (e.g. location, sensory data). Furthermore, authenticity is one dimension of a ubiquitous learning evaluation model proposed by [29] . Our study introduces the variable of Authentic Context (AC) in the investigation of the acceptance of mobilebased assessment. Authentic Context refers to the context awareness of a situated instructional activity. Students use the questions of the mobile-based assessment in order to observe the real objects and answer specific object-related questions. Therefore, we argue that the authentic context facilitates the assessment procedure. Furthermore, since assessment questions are contextualized and assess students' capability to apply knowledge and skills to real-life situations, we argue that mobile-based assessment in an authentic context is perceived as a useful activity that enhances learner's tasks. We also argue that the authentic context variable will have direct effect on behavioral intention to use.
Thus we hypothesize: H5a: Authentic Context (AC) has a positive effect on Perceived Usefulness (PU).
H5b: Authentic Context (AC) has a positive effect on Perceived Behavioral Intention to Use (BIU).
H5c: Authentic Context (AC) has a positive effect on Perceived Ease of Use (PEOU).
The research model and all the hypotheses proposed in our model are depicted in Figure 1 . 
IV. METHODOLOGY

A. Participants
The participants in the current study were 50 students from a Greek upper secondary school with their average age to be 16 years and two months (SD = 1.02). There were 23 males (46%) and 27 females (54%). They were all enrolled in an environmental education project-based course about biodiversity. Since the use of mobile devices in the Greek educational settings is very limited, students had never used their mobile devices into a mobile learning activity so far. However, all students self-reported to be confident enough to use their smartphones to answer the questions during the assessment activity. Their median mobile self-efficacy score (questionnaire adopted from [30] ) was 88 out of 100.
B. Procedure
The learning environment was the city's botanic garden. The main educational activity was a mobile-based assessment procedure in the context of a project-based course about Environmental Education focusing on biodiversity. The aim of the learning activity was to motivate students to observe the plants in the botanic garden and to familiarize themselves with the plants' special characteristics (including plants' morphology, taxonomy, usage and their role in the biodiversity). Students followed a tour in the botanic garden. During the tour, students were asked to use their mobile devices in order to access supplemental material and questions about the observed plants (Figure 2 ).
Most students (95%) used their smartphones while a few used their tablets (both equipped with camera and the appropriate Quick Response -QR application) to scan QR codes appropriately placed on the target plants under investigation. By scanning the QR codes, students were redirected each time to the appropriate web address with relevant learning content and questions about the plants under observation. The questions were all of multiplechoice type to facilitate data entry. Students prompted to answer the questions. Once students provided the questions the system provided the correct answers. After the learning activity, students were asked to respond to two survey questionnaires. The first questionnaire was about students' acceptance of the mobile-based assessment procedure. The second questionnaire was about students' learning motivation. 
C. Instrument
In order to evaluate the Perceived Mobility, Authentic Context, Satisfaction, Perceived Usefulness and Perceived Ease of Use and Behavioral Intention to Use Mobilebased Assessment we have constructed a research instrument based on previous established questionnaires that were used and validated by other researchers. The questionnaire items used are described in Table V (Appendix). Items for Perceived Usefulness (PU), Perceived Ease of Use (PEOU) and Behavioral Intention to Use (BIU) were adopted from [10] . To assess Perceived Mobility (PM) we adopted items from [25] . For the Interest/Enjoyment (IE) we adopted the Interest/Enjoyment subscale from the Intrinsic Motivation Inventory [31, 32] . For Authentic Context (AC) we adopted items form [29] . Minor wording modifications of the items were made in order for them to describe the current research context (mobile-based assessment), i.e. the item "I intend to use e-learning in the future" was substituted by the item "I intend to use mobile devices for assessment purposes in the future".
According to the Self Determination Theory, motivation is mediated by the satisfaction of the basic needs of autonomy, competence and relatedness [20] . In order to evaluate the level of students' autonomy, competence and relatedness during the learning activity, we have used previously established and validated questionnaires. The items for autonomy and competence were adopted from [33, 34] and the items for relatedness were adopted from [19] . Proper wording modifications were made. The questionnaire items used are described in Table VI (Appendix). Both questionnaires were first developed in English and then a native bilingual speaker translated them into the Greek language. All items were measured using 7-point Likert scales ranging from 1 (strongly disagree) to 7 (strongly agree).
V. DATA ANALYSIS
A. Acceptance of Mobile-based assessment
Partial Least-Squares (PLS) with Smart PLS 2.0 [35] was used as the analysis technique to predict factors influencing mobile-based assessment adoption. Our sample size exceeds the recommended value of 40 (10 times the largest number of independent variables impacting a depended variable).
Convergent and discriminant validity of the proposed research model need to be verified in order to ensure the quality of the model. Convergent validity is evaluated PAPER AN OUTDOOR MOBILE-BASED ASSESSMENT ACTIVITY: MEASURING STUDENTS' MOTIVATION AND ACCEPTANCE based on the following three criteria: (1) all the indicators factor loadings should exceed 0.7, (2) composite reliability of each construct should exceed 0.7 and (3) the average variance extracted (AVE) by each construct should exceed the variance due to measurement error for that construct (AVE > 0.5).
As table I shows, all criteria for convergent validity are satisfied: all factor loadings on their relative construct exceed 0.7 and all AVE values range from 0.594 to 0.644 (AVE > 0.5). Discriminant validity is supported when the square root of the average variance extracted (AVE) of a construct is higher than any correlation with another construct. Table II shows that all AVE square root values are greater than the intercorrelation values between constructs. Thus both convergent and discriminant validity for the proposed research model are verified. Table III and Figure 3 summarize the structural model results. The figure shows the path coefficient for each path with its significance (as asterisks) and the R 2 for each endogenous variable.
The model explains 29% of variance in Perceived Ease of Use (R 2 = 0.29), 37% in Perceived Usefulness (R 2 = 0.37) and 49% in Behavioral Intention to Use (R 2 = 0.49). 
B. Motivational impact of the mobile-based assessment
Descriptive statistics were calculated for each construct of the basic needs of the SDT: autonomy, competence and relatedness. The overall Cronbach's alpha for the each subscale was greater than 0.72. Autonomy significantly correlates with both competence (r = 0.32, p < 0.05) and relatedness (r = 0.24, p < 0.05) and competence significantly correlates with relatedness (r = 0.29, p < 0.05), confirming the validity of the questionnaire. 
VI. RESULTS AND DISCUSSIONS
To the best of our knowledge, the current study is one of the first ones investigating secondary students' attitudes and perceptions about the use of mobile devices in learning and assessment procedures during outdoor education in Greece, stimulating a discussion about issues concerning the adoption of mobile-based assessment. The contribution of the study is twofold. First it contributes to the mobile learning acceptance research by focusing on mobile-based assessment adoption. Second it provides further evidence that mobile learning and assessment activities can support perceived autonomy, competence and relatedness and therefore enhance learning motivation.
A. Acceptance of Mobile-based assessment
The study shows that when mobile-based assessment is considered useful and easy to use, students are more likely to adopt it. Furthermore, the study extends the Technology Acceptance Model with the variables of Perceived Mobility, Authentic Context and Interest/Enjoyment. Perceived Mobility is the distinguished advantage of mobile learning over traditional forms of education. Mobile learners can access learning resources "anytime" and "anyplace" without any temporal and spatial limitations. This technological feature has a significant influence on user's attitudes and perceptions about mobile-based learning and assessment, which is in agreement with previous research [16] . Students appreciate the mobility feature that mobile devices offer during the educational activity outdoors. Therefore, Perceived Mobility significantly impacts user adoption of mobile-based assessment.
Our study shows that the construct of the authentic context enhances student acceptance of mobile learning and assessment. The notion of authentic learning tasks is considered one of the basic elements of new modes of assessment [36] . Mobile devices facilitate authentic learning tasks and make context-aware and ubiquitous learning and assessment a reality [1] . Furthermore, context-aware ubiquitous learning is capable of enhancing students' motivation and learning effectiveness [37] and can play a crucial role in the 21 st century learning.
The construct of Interest and Enjoyment provide a link between technology acceptance and motivation. Previous research has shown that enjoyment has a significant effect on behavioral intention to use mobile communication services [38] . The current study is in-line with previous research that extended TAM to include variables from Self-Determination Theory [21, 22] . Our findings provide evidence that Interest and Enjoyment have a significant effect on behavioral intention to use mobile-based assessment. Students are more willing to use a mobile-based assessment system that is interesting and enjoyable and thus intrinsically motivating. Interest/Enjoyment, as a hedonic variable, plays a critical role in the adoption of mobile-based assessment.
B. Motivational impact of the mobile-based assessment
Learning motivation is a key factor for student academic success and development [39] . Previous studies have examined the impact of mobile-based learning and assessment activities on students' motivation, performance and satisfaction, in outdoor educational settings e.g. botanic gardens [40] . Learning motivation, perceived learning performance and satisfaction seems to be higher for students participated in mobile-supported (compared to traditional paper-and-pencil) science inquiry educational activities. The current study is in-line with previous research. The outdoor mobile-assisted learning and assessment activity supports student intrinsic needs for perceived autonomy, competence and relatedness. When people experience greater satisfaction of the basic psychological needs for autonomy, competence and relatedness they are more autonomously motivated and engaged [41] .
The results of the study can be valuable for researchers in the field of technology adoption, educational policy administrators, instructional designers and teachers as well.
Mobile technologies offer innovative ways that have the potential to enhance assessment if they build upon proper theoretical frameworks [28, 42, 43, 44] . Mobile devices can be used both inside and outside the classroom boundaries [45] . They also can be used not only in pure mobile learning curriculums but in blended learning approaches as well. Students like to use mobile devices for educational purposes [46] and feel more motivated when they use mobiles in their learning [47] . Therefore educational policy makers and instructional designers should promote and support the use of mobile devices for learning and assessment. More research on mobile-based assessment adoption is needed in order for mobile learning and assessment to be successfully implemented in different educational settings. It is in our research priorities to further investigate more variables that mediate the adoption of mobile-based assessment in different educational settings and also to investigate possible mobile learning and assessment practices that further enhance student motivation towards learning.
